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Abstract. Ion-mobility spectrometry (IMS) is an analytical technique used to 
separate and identify ionized molecules in the gas phase based on their mobility 
in a carrier buffer gas. We present a design for generation and detection of ions 
that might resolve an issue related to limitations at sub-millimeter scales of cross 
flow method applications. Introducing a lobular ion generation localized to a few 
ten of microns, and a substantive simplifications of design, we make an integrated 
device for ion micro-generation and its detection. Main advantage of this design 
is their scalability that allows further control for compounds identification. 
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1. Introduction 



Ion-mobility spectrometry (IMS) is an analytical technique used to separate and 
identify ionized molecules in the gas phase based on their mobility in a carrier 
buffer gas. IMS devices come in a wide range of sizes (often tailored for a specific 
application) and are capable of operating under a broad range of conditions, but not 
at submillimeter or milimetric scale. In-situ detection with those devices are heavily 
employed for military or security purposes, such as detecting drugs and explosives. 
This technique is based on ion mobility property that ions acquires from mass, charge, 
size and shape when they moves through a gas due to its interaction with an electric 
field, with drift velocity 

v d = KE, (1) 

which is proportional to the electric field of strength E. The ion mobility 



3 ze 1 / 2tt 1 1 

defines the compound to be identified, since its dependence to thermal fluctuation 
kbT, electrical charge ze, gas density N and collision cross-section fi can be obtained 
from the balance between mobility and diffusion force during elastic collision between 
the m mass ionized molecule and a neutral M mass molecule pQ. Roughly speaking, 
in conventional IMS devices, drift-time 

d d 
v d KE 

defines the type of molecule to identify. Mobility K of each sample is obtained by 
establishing the field E and distance d, predetermined by the experimental device's 
configuration. 



2. Standard cross-flow 



Usually, determining time-of-flight to identify an analyte via traditional IMS requires 
d in Eq. Q to be hundreds of mm [2] . Spectroscopy in two orders of magnitude below 
represent an unresolvable issue via this technique. Alternatively, cross-flow method [3] 
employs an ion-impulsing field, but transversal to corresponding to the traditional 
IMS, which allows to split a stream of ions according to their mobility. This design is 
remarkably compact and relatively easy to manufacture with micro-system technology. 
As ionized particles are detoured with a field in transversal direction to the flux of 
a carrier gas, two mobility vectors are obtained: one in the flux's direction and the 
other one perpendicular to it, generated by an electrostatic field [HE]. Cross-flow 
method with differential detection [5] allows mobility identification via determination 
of bounds with maximum mobility measures. Fig. [I] shows an scheme of that device 
with a radioactive source which produces ions in such a wide area that it covers the 
whole entrance to the detection zone. A carrier flux moves charged particles from 
the ionization zone to the latter, where an electric field deflects the ions and those 
with higher mobility will be collected within the first electrode (detector). Maximum 
detectable mobility fc^ax f° r next electrode is defined by corresponding mobility for 
ions that entering into the channel at its lower part (x = xo,y ~ 0), reach position 
on detectors (x — Xb,y = h), being h channel height. In ideals ion condition, the 
coulombian repulsion between ions and the diffusive effects are minimum, then it 
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Figure 1. Diagram of differential detection for fiat detectors with radioactive 
ionization source. The velocity of the fluid is assumed constant vj in the channel. 
Between the bottom electrode (anode) and the upper electrodes separated a 
distance h applies a potential difference which generates an electric field E, 
we assume uniform, xi, and x a end positions determined by the sizes of the 
detectors and the magnitudes of the vectors of field and flow are designed to 
detect maximum levels of mobility (see text). 



will only be possible to collect ions with lower mobility than fc^ax m ^ ne following 
detectors, since the ones with higher mobility will be collected within the first detector, 
regardless of their position entering into the channel. 

This detection method has an inconvenient; ions meant to be detected might 
be caught by more than one detector. In other words, one can only be sure that, 
in a latter detector, mobility is bounded by a maximum value. This problem, and 
how to solve it, is clearly explained in an example involving two unique mobilities in 
Fig. [2] showing the path of two ionized molecules, a sample and the carrier. The 
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Figure 2. Diagram of a gas detection (black circles) and gas drag (smaller 
scratched circles), the ions are distributed in the channel, the charged particles 
that are above the height h cr u will produce overlap in the detection signal. 

one with higher mobility is represented with scratched circles, which corresponds to 
some ionized molecules of the carrier gas. Black circles represent the ions of the 
sample gas to be detected. Assuming the length of the first detector, carrier flux, 
and potential difference between anode and detectors arc set for fc^ ax to be equal 
or close to the carrier gas mobility, it can be reassured that all the carrier gas ions 
are collected within the first detector. However, lower mobility ions may be caught 
in any of both detectors. Clearly, and disregarding coulombian repulsion between 
ions and diffusive effects, there is a critical height /i cr it, for which all the molecules' 
ions with lower mobility that are traveling above h cx -^ will be caught by the first 
detector. Thereby it's not possible to set a particular detector for the particles to 
be identified. To counter this effect, the bibliography proposes establishing a size 
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relationship between electrodes, which determines an error only acceptable with a 
substantial rise in the device's size [5], that would be contrary to our search for scaling. 
Although, yes there should be desirable solutions that allow to separate mobilities via 
micro-system design. Cross-flow system employs an unique carrier gas to move the 
ions whereas the traditional IMS method employs gate aperture and closure to define 
initial measurement time [6]. This method requires a higher amount of unscalable 
elements, for example, an arrangement of potential rings to move charged particles 
from the ionizers towards the detectors [7|. Besides, traditional IMS employs an 
injected counter-current gas [8] which would be very hard to apply on a submillimeter 
scale due to the rising viscosity effect, as explained in Section [3j Nowadays, there 
are ways to solve said issue, such as focalization [9]. In the above discussion, concept 
for focalization means to do something equivalent to avoid ions traveling with height 
larger than h cr ^. Then, in our example, the sample ions would be collected only at the 
second detector, which is a kind of condition needed for identification proposes. It's 
been utterly expensive and complex to apply this kind of solutions so far, because 
of the inconveniences submillimeter scale brings. In standard cross-flow devices, 
funnels or intrincated channels can be implemented to narrow down the flow inside 
the system, thus generating turbulence and stopped flow zones. Results reports loss 
of identification efficiency for these kind of devices [TU] . 

Our main research hypothesis centers on focalization being possible implicitly 
via a ionizer's geometric design that allow to generates ions all in a size smaller 
enough than h CJ -^. Applied to the example above, all this localized ions will travel 
at height smaller than /i cr jt, then no nozzle are needed in order to do sample ions 
would be collected only at the second detector. In Sections [4] and [5] we will present 
an experimental design setup and their analysis for doing a localized or lobular ions 
generation. But, now in the following Section [3] we shall describe how to deal with 
the transport of ions which again also will concern to ion micro-generation design. 



3. Localized ions and cross-flow 



We propose a solution for control positions of collected ions described in Section [2] via 
ion micro-generation in a cross-flow system type by using a fluid to move localized 
generated charged particles. In that Section the advantages of cross-flow model due to 
its lower component amount are mentioned too. Considering Ecs.Q, ^ and ^ can 
only be applied in a non-turbulent regime, we will now analyze how the fluid travels 
along the channel. For that matter, a constant rectangular section is proposed, without 
any detours nor expansions or contractions within the fluidic vein. Taking this into 
account, we verify first the laminar flow by using the Reynolds number, which we 
estimate for non-circular sections, as 

Rn = ^ (4) 

in term of the v cinematic viscosity and hydraulic radius Rh = wh/2(w + h), the 
ratio between the fluid normal section area and its perimeter, where w is the channel 
width. The flow rate Q is implicit in the above equation, because it is estimated as 
the average velocity of flow Vf multiplied by the section of the channel, i.e. Q — whvf. 

For the sake of design, a significant size reduction was made for h and w, ergo, 
we are looking for Q to be low enough so Rr> < 2000, that is enough for laminar 
condition of fluid regime. However, Q can not be too low - if it were, the number of 
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Figure 3. Longitudinal cutting of the channel with localized production of ions 
(lobes of ions) and the trajectory that follow these particles within the detection 
area. Due to ion localization, generated flows results on stream of ions with 
small sections like focalized ions. Under laminar flow conditions field E drifts 
ions doing the stream reaching the detectors. For ions with larger mobility K\ 
between positions (xi,,h) and (x' b ,h) closer to the entry that ions with smaller 
mobility K2 at farther positions between (x a ,h) and (x' a ,h). 



ions would be too small during analysis. Also, channel longitudinal dimensions have 
to be smaller enough so the lifespan of generated ions is longer than time they take 
to arrive to the detection zone. All this together allows establishing a higher velocity 
and dimension range that can be optimized in a way that helps obtaining an efficient 
functioning with its possible smallest size [12]. 

Detectors position and dimension in a localized ion generation system are 
calculated by estimating charged particles' trajectory. Our hypothesis on a localized 
ion generation and flow laminarity means generated ions access detection zone with 
height y rs 0. For a constant carrier flow, there are two orthogonal components for 
ion movements in the detection zone: constant flow velocity Vf and drift velocity i>d 
Eq.Q. Therefore, considering an ion from (xq, 0) takes the same time to arrive to the 
detector in (x, h) for each movement direction, we obtain: 

v f h 2 

X - Xo= KV (5) 
where the drift field can be estimated by V/h, assuming border effects are negligible 
and electric potential V, applied on the detectors, generates a uniform field in the 
detection zone. Considerations on a more realistic situation will be taken in the next 
Subsection |3.1[ however, and regardless of trajectory details for a laminar flow, how 
focalization works to separate two species with different mobilities can be explained 
with the following example: For ions with mobility K\ and K% both with same initial 
location defined by a stream of ions with lower position (xo,0) and higher position 
(xq, ho) they travels as shown by two sketched stream in Fig. [3] and arrive at positions 
(xb,h) and (x' b ,h) for ions with mobility K\ and (x a ,h) and (x' a ,h) for ions with 
mobility K 2 , Fig. [3] shows streams from generated lobes of ions to detector collections 
which starts in (x' b , h) with length Xb — x' b for ions with K\ mobility higher than K% 
mobility ions that are detected from (x' a ,h) and has x a — x' a length. Clearly, ion 
stream will not overlap on detectors and required separability will be verified as long 
as trajectory of ions of the lowest side of stream of ions with larger mobility and 
trajectory of ions of the higher side of stream of ions with smaller mobility meet at a 
lower height than channel (h). Having defined a such meeting point (x\,yi) for these 
trajectories in plane xy displayed on Fig. [3] and assuming uniform velocities as in 
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Eq.([5|, we can estimate 

vt h v r h 

Being potential V and flow velocity Vf same for both molecules we propose that 
separability will be guaranteed provided that y\ < h. Therefore, in case y± = h we 
find a bound for the maximum localizing size 

h = h(l-^), (7) 

needed to separate two ionized molecules according to their mobilities and channel 
height. Our research's main hypothesis centers on focalization being possible via 
the ionizer's geometric design. Eq.([7]) provides a bound for the scaling of that 
focalization with the detection device's size that allows the identification of the species. 
This scalability requirement has driven us towards micro-system technology and the 
originality in our proposal lies on the solution reached. 



3.1. Parabolic approximation of velocity 

The flow is generated by the pressure difference between the device's entrance and 
exit, Pi and P%, respectively. Velocity is modified by friction between the fluid and the 
walls, and glide of idealized layers of fluids. Assuming irrotational and incompressible 
fluid's conditions and fits the device wall's static conditions to analyze dependence on 
vertical direction, we obtain by force equilibrium 

p p L 

Vf(y)= -^-^- y(h-y), (8) 

where L is the channel length and y is the height variation for the channel that goes 
from to h as defined in Section [2j 

In order to investigate the velocities profile's role in a submillimctcr scale we 
take into account numeric simulation for the trajectory in a plane (x, y) of ideals 
ions with the same mobility as Nitrogen when impulsed in x direction acquiring 
a v f {y) of Eq.j8f due to P x - P 2 = 5.35 1CT 5 dyne / /im 2 , L = 7.5 10 4 /im and 
v = 1.822 10~ 12 dyne s//jm 2 and impulsed in y direction acquiring Vd given by Eq.Q 
for K — 2.2 10 8 ^m 2 /Vs due to a potential difference of 9 and 18V between flat detector 
electrodes (anode and cathode) separated h — 10 3 /im. In Figji] trajectories are shown 
for two initial positions (0,0) and (0,50/zm) that would represent limit cases due to 
localizing of ions, illustrated in Fig(3]and now calculated for parabolic profile resulting 
a narrow laminar stream. For the uniform profile, trajectory for initial position (0,0) is 
shown too. It is not shown in Fig. [4] the trajectory for (0,50/xm) because being for the 
uniform profile it belongs to a parallel line separated 50/im from the first one, defining 
a straight laminar stream. Standard cross-flow method belongs to the scale of ten of 
mm 5] where the change of the velocity profile due to viscosity effect is negligible. 
However, for submillimeter scale for detection position and detector's size designs, an 
error as high as the channel's height can be made when not taking into account how 
velocity depends on it's height. Note that when duplicating applied potential ions are 
detected at half the corresponding length for the lower potential case. This is due 
to inverse proportionality Eq.([5| between horizontal position detection and potential 
applied to the detector, that approximately is verified here when a such viscosity is 
taken into account. 
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Figure 4. Numerical simulation of trajectories for ions in the area of detection 
when you apply 9 — 18V potential differences between cathode and anode. 
Continuous line for the parabolic profile Eqs. ^ and |TJ for two initial positions 
(0,0) and (0,50/xm). Also shown in dashed dotted line a uniform profile with 
initial position (0,0). 

4. Description of the proposed micro-device 

Our device has been designed while considering position and direction of the mobility 
vectors for the ions, from generation and transportation until detection. This was 
made possible via electric discharges, the transport fluid's flux and detection electric 
field. But, we have taken orthogonal directions for each other in order to minimize 
effects of influence between them. By employing a virtual model of the micro-device 
via CoventorWare software [TT] we made the design shown in Fig. [5j With lift off, the 
design proceeds, on a glass substrate a positive photo-resin is deposited and protected 
with a plastic cover, containing the target structure's image. With UV light, resin is 
modified in unprotected places, so unmodified resin can be removed with the cover 
as well. Via an anodic deposition process [13] a copper layer is applied over all the 
substrate. Finally, the resin layer on the first step is removed by using Acetone and the 
geometry of the metal layer remains on the substrate. This manufacturing process has 
been used because of its flexibility and sturdincss. The software allows the simulation 
of the model construction from optic layers and manufacturing process [2] . 

The point of this work was obtaining a minimum size compact sensor, with low 
cost and simple manufacture. This micro-device has two main zones. One is the 
ionization zone, where lobes of ions are generated by employing a special kind of 
electric discharge which will be explained in the following Section [5] Via a carrier gas, 
those charged particles of the sample are transported to the detection zone. There are 
detectors immersed in an electrostatic field that deflects and separates ions according 
to their mobility. In Fig. [5] these two zones are shown in detail. In the front of 
the ionization zone, two guides that drive the sample and the carrier gas are shown. 
The guides determine separation distance between two substrates; in Figj5]only the 
inferior substrate is shown. After entering, carrier gas and sample run through the 
device towards the ionization zone, consisting on six sources mounted on the inferior 
substrate's surface. Each source has seven pairs of flat metallic electrodes, in front of 
each other with a separation of 40/im. The anode has six triangular tips, separated 
300/im between each other and a flat cathode. Distance between sources is 1500/im 
and the last one is 540/xm away from the detection zone. These can be individually 
connected across the connection electrodes, shown in Fig. (5]as (2) and (8) respectively. 
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Figure 5. Model in three dimensions of the proposed micro-device. The carrier 
gas mixing and sample enters a guide determined by two guides (9) and two 
substrates (1) (only displayed bottom substrate). In the area of ionization, six 
sources mounted on the surface of the bottom substrate, can connect individually 
(2) through (8) connection electrodes. The detection zone has mounted over 
the bottom substrate a single connection (4) flat electrode (7). Sectioned flat 
electrodes (6) that connects individually (3) are mounted on the top substrate. 
The carrier gas comes out of (5). 



Detection zone has a flat electrode with a lone connection mounted on the inferior 
substrate. On the superior substrate, sectioned flat electrodes are mounted, which 
are connected individually; each being 900/zm long and being separated 100/im, as 
shown by (6) and (3) respectively in FigjSJ Total channel length is 7.5 10 4 /im but 
the maximum active zone is below 50% of said value. Channel width is 2 10 3 ^m and 
height is 10 3 /im. With these dimensions and an air stream of around 0.33 10 14 /xm 3 /s 
we estimate a flow in laminar regime due to Rd «1000. 



5. Ion micro-generation 

The ion generation issue is faced via localized production of a self-limited discharge, 
or corona discharge, that will help produce the amount of sample's ions needed 
to be identified. Electric discharges due to dielectric rupture can be reached via 
enough energy accumulation between electrodes laid to an electrostatic potential 
difference [16] . For our own use, the previous state in which luminescence beings, 
also known as corona discharge, is just enough to ionize the sample. Therefore it 
is possible to develop the electric field and the electric potential before the electric 
discharge by solving the Laplace equation in a volume defined by a closed surface. Let 
us consider the proposed configuration [17] of two concentric cylindrical conductors as 
shown in Fig(6]to analyze the corona discharge. The outside is hollow, with a minimum 
S radius and the inner has r radius. The inner cylinder is kept in a V potential and 
the outer cylinder in a zero potential. Clearly, this configuration is different from the 
tip and plate one and the two parallel conductors separated a 2S distance. However, 
it is possible to verify solutions for the Laplace equation are similar in all of those 
cases [T5] , being electric potential 

where x represents radial distance from the center of the inner cylinder to an arbitrary 
point in the space between both cylindrical conductors. Then, 
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Figure 6. Settings to evaluate the discharge corona. Two concentric conductor 
cylinders of radius r inner and radius S external, between the two cylinders is 
the dielectric that we want to ionize. The grated area of radius tq marks the 
boundary of ionization zone. 



is the module for the radial electric field, orientated from the inner conductor (anode) 
outwards (cathode). In size systems of ten of mm or bigger, empirical Peek's law [TH] 
establishes the necessary electric potential in the anode to witness a corona discharge: 
At a distance proportional to the square root of the anode's radius, the produced 
electric field must equal the necessary field Go for the rupture of the dielectric it is 
embedded on. For the case of air Go=3 V//x, which from Eq.(lO) and according to 
Peek's law 



E(r + 0.301^ ) = G , 
allows to determine critical potential on the anode 

0.301^/c 1 rn 



V c = G rln{S/r) 1 + 



(11) 



(12) 



necessary to begin the corona discharge. The y'cm factor which goes along with 
0.301 is due to the units of choice to measure distance. Right panel of FigjT] shows 
the electric field foretold by the model on anode surface G c depending on S/r for an 
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Figure 7. Left panel: critical potential as a function of S for a r adiu s of curvature 
of the tip r = 12.5/im. At continuous line analytical model Eq. ( | 1 2 [ > . Cross points 
corresponds to the experimental determination using Nitrogen gas. Right panel: 
intensity of the electric field on the anode as a function of s/R when the voltage 
applied on it is V c = 415 V. 

applied potential on that electrode V c =415 V corresponding to the value made explicit 
by Peek's law for S/r — 3.2 and S = 40/zm. Since the magnitude of the field decays 
with distance from the anode, G c must be higher than Go- Fig. [7js right panel shows 
that for this case, field G c ~ IOGq. The question is what size should be dimensions for 
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such geometric that ensures discharge to be self-limited. The analytic results, Fig[7j 
show that it is only possible if S/r > e. Otherwise, as G c has a minimum in S/r = e, a 
rise in anode effective radius tq as indicated in Fig(6j associated with a very early stage 
of the discharge, would mean S/r < e and a huge rise on the surface field which would 
favor the started phenomenon and the discharge would remain until the total rupture 
of the dielectric, becoming an arc- type of discharge regime. When S/r > e, any 
effective increase in r —¥ ro means a diminished surface field and eventually, a smaller 
field than established by Peek's law, producing a self-limitation on said phenomenon. 

The left panel on Fig. [7] shows critical potential for Nitrogen gas varying 
separation distance S for a fixed curve radius r — 12.5/mi. The analytical model 



from Eq.( 12 1 foretells a tendency of critical potential to rise along with S but shows a 
systematic difference by underestimating critical potential. This is reasonable because 
the analytical model requires S 3> r for the tip's geometry and surroundings not to be 
a main factor in the electrostatic solving of the issue. To relax this approximation and 
to investigate if Peek's law is valid in the micro-scale, we numerically calculate the 
electric field inside the ionization volume defined in Section [4] and solving the Laplace 
equations [27] for the configuration displayed in Fig. [s] e). The left panel shows the 
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Figure 8. Magnitude of the electric field in V //im for a) S = 40/im, V c = 650 V; 
b) S = 45/im, V c = 706 V; c)S = 50Atm, V c = 807 V; d)S = 60^m, V c = 880 V on 
the section indicated by the outline in red within the volume of the channel (e). 
At the bottom of that volume is plotted the magnitude of the field in longitudinal 
direction at a height of 20/^m from the plane on the upper part of the anode and 
cathode. The radius of curvature r = 12.5/im of the three prongs that form the 
anode is the same for all cases in which varies S. Effective radius ro is average 
distance in which the electric field falls to 3V/[irci from the anode. 

electric field's magnitude on a section of the channel that goes through the tip of the 
central triangular anode. Applied voltage corresponds to critical values experimentally 
determined for Nitrogen gas, V c = 650,706,807 and 880V and S = 40,45,50 and 
60/im, respectively. Curvature radius r = 12.5^m is the same for every case. We 
found it is possible to establish a common distance r from the origin of the curvature 
radius that determines the tip of the anode up to the surface that defines a volume 
where E >3 V//jm. If Peek's law is verified for this scale, this distance should 
be similar to effective radius ro ~ r + 30.1-y/r, measuring the curvature radius in 
micrometers. This prediction becomes true with a 10% sampling error in every case. 
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Left panel of Fig|9] shows a picture of a portion of the ionizer made of copper on 



Figure 9. The image on the left shows a portion of the Ionizer for the 
experimental model built in copper on a substrate of glass designed according 
to the geometry shown in Fig. [8] The image on the right is a photography 
of the electric discharge that occurs between the electrodes when S = 40/im, 
r = 12.5/im, V c = 650V 

a glass substrate. In the lower part there are three tips with a curvature radius of 
r = 12.5/im separated S = 40/mi from the cathode and 300/mi between each other. 
Such a distance between two consecutive tips is enough to avoid a remarkable effect 
of the electric fields between tips. We have used Warburg's law [22] by an estimation 
of this distance according to geometric parameters for the tip and plate configuration. 
The right panel is a photography that show luminescence produced by these three 
tips when applying a potential difference between cathode and anode V c = 650V. 
Observing said luminescence allowed experimentally establishing critical potential for 
the earlier mentioned cases to validate Peek's law [23J on the micro-scale. 

6. Results 

Nitrogen is flowed first through the device's channel. Its flow is controlled through a 
regulator. Then, a pulse generator is connected to a 650V" DC source - each pulse has 
a duration of 50/is and interval between pulses is 5ms. We analyzed the ions charges C 
by connecting a LV 8 Keithley 6514 electrometer serially to the detection arrangement 
cathodes. It is connected to the electrometer as shown in the upper panel of Fig{T0| 
and the accumulated charge is measured in a 20s interval. The average is calculated 
on ten measures for each electrode. Data dispersion according to the average is lower 
than 3 %. 

Fig. |11| shows charge C normalized with Co depending on the flow in the device 
and cases in which detection potential is fixed at 9 and 18V\ Reference value Co 
corresponds to the same experiment but with an opposing air stream. This reference 
is needed because the electrometer's sensibility is high enough to capture spurious 
signals during the experiment, for example, signals produced by generation of ions. 
Established parameters in these experiments correspond to the theoretical example 
analyzed in Subsection |3.1| Thus, the highest amount possible of charge must be 
obtained for 2l/min flow rate, and lower it to less than half, then, when risen to 
51 1 rain. It is to be noticed that the difference of the 45% with higher signal for 18V" 
is consistent with our theoretical model as well, since when concentrating detection 
towards half the detection zone's length there are higher chances of collection ions. 
For the sake of a higher signal for 18V there is also the lifespan of ion, since they are 
collected approximately in half the time than 9V. For the cases in which the flow is 
5l/min and 101 /min there is a transition towards the turbulent regime. Therefore, 
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Figure 10. Charge measurement configuration using an electrometer. Upper 
panel is a measurement of the total charge as function of flow rate. Lower panel 
is for the charge on each detector is measured. 
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Figure 11. Charge signal C normalized to charge Cq depending on the flow 
rate for 2,5, 10 l/min. Clear (dark) gray bars correspond to 9V (18V). 



remarkable signal differences for these flows are not expected for 9 or 18V because of 
the laminarity loss established for predictions in Section [3] 

We verify if localized lobular generation is enough to allow ionic separation via 



the electrometer connected as shows the lower panel in Fig 10 Fig 12 shows the 



charge signal C measured in each detector separately, and normalized with Co, for a 
lljmin flow rate. Signal Cq is obtained for each determination, same as before, by a 
streaming in opposing flow. The result is shown for four different detection tensions 
9, 18, 28 and 46V. If compared to the result in Fig[4] on the numeric simulation 
for 9 and 18V and keeping into account detectors' dimensions of the micro-device 
on Section |4j we may observe signal maximum values obtained at positions where 
the detectors on the foretold distances are. According to Eq.([5|, there is an inverse 
relationship between detection positions and applied potentials. For this reason we 
can observe that, by duplicating applied potential (9V) into 18V, the position of the 
detector that concentrates the respective signal is halved, ergo the model's prediction 
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Figure 12. Charge signal C normalized to the charge Co for flow of 2 l/min 
as function of the number of detector. Bars in white for 9V, light gray for 18V, 
dark gray for 46, and black for 28V. 



is experimentally verified. For this same reason, when it's tripled (ss 28V) the signal 
in the detector is obtained at the one third of the corresponding distance, and when 
quintupled (ps 46V) the signal is almost at one fifth of those distance. This prediction 
is strictly accurate for an ideal case of uniform profile. For the most realistic case 
there is a small correction with collection distance predictions higher than established 
by Eq.([5]) in agreement with our discussion at the end of Subsection 3.1 We note 
that the experimental verification of the model is due to a correct focalization by local 
ion micro-generation during these experiments. According to our analysis in Section [5] 
with the proposed experimental configuration, it is possible to determine an ionization 
volume with its diameter up to 10% of the channel's h height. But clearly, if more 
localizing is required, work should be done as in Section [5] but shrinking the curvature 
radius of the ionizers. Regarding separation by mobility, we could state performed 
experiments for different potentials and one compound, at least ideally, the issue 
within four compounds and one potential could be mapped. This is because, channel 
height being constant, we approximated E with V/h in Eq.Q and drift velocity 
depending only on the product of mobilities and applied electric potentials. Therefore, 
if we wanted to map results from Fig |12| to the separation by mobility, it would 
mean considering changes in which these would duplicate, triplicate or quintuplicate. 
However, expected changes between mobilities are considerably smaller. For example, 
between Toluene and Nitrogen, mobility changes about 24%. Usually, mobilities of 
the compounds to be separated are in such a range than differences are even smaller. 
Fig |13| shows numeric simulation of the trajectory when a 18V tension is applied to the 
detectors and a carrier flux rate of lljmva is put. In the upper part of Fig 13 it can 



be seen that our design allows to separate, without considerable overlapping , signals 



corresponding to Nitrogen and Toluene. According to our analysis in Section 3.1 



and employing Eq.([5|, we can estimate that, for 18V, a mobility rise of 24% would 
be equivalent to an average displacement of an ion current from the middle part of 
the fifth detector to the left by 870/Ltm. Being this distance slightly bigger than the 
diameter of whichever ion streams reaches that position, both ion streams before and 
after displacement should be across them, thus obtaining two clear signals on the 
detectors. This result is consistent with our prediction in Section[3]on scaling between 
ion current diameter at the entrance of the detection zone and at channel height. 
With our design, ho/h ps 0.1 and Eq.Q is verified for Toluene and Nitrogen. On the 
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Figure 13. Ideal trajectory of the ions when it is applied a voltage of 18V 
and drag flow rate of 2 I j rain to reach the detectors. The dimensions and other 
parameters are the same as the experimental device. In the upper pane (bottom) 
displays for Nitrogen and Toluene (Acetone and Ethanol). 



contrary, employing the same configuration and with differences between percentage's 
mobilities, as in Acetone and Ethanol cases, the scaling condition in Eq.|7| won't be 
verified and separation signals would overlap considerably between ion currents, as 
shown at the bottom of FigflU} 

The main advantage of our proposal is its scalability, which depends on the 
required application. For example, applying Eq.([7| for Ethanol and Acetone whose 
differences between mobilities are 3.4%, a bound for maximum dimension of 30/im 
for the initial diameter of the ion stream is obtained. Scaling the sizes of the initially 
proposed device an order below in a way that localization is less than maximum bound 
foretold, it is possible to obtain separation as verified in the simulation which result as 
shown in Fig[l4j It also shown in Fig{l4] ideal trajectories of ion streams to Acetone 
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Figure 14. Ideal trajectory of ions of Acetone and Ethanol when it is applied 
a voltage of 180V. The length of each detector is 100/^m. The localization of ion 
micro-generation is concentrated to 10/^m. The drag flow rate is 2 1/min and 
other parameters are the same as the experimental device. 



and Ethanol when it is scaled lengths of the detectors to 100/im, the potential of 
detection to 180 V and localization of ion generation to 10/mi. The other parameters 
match those of the experimental device. 
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7. Conclusions 

In this work we first introduce the species identihcation-by-mobility issue via standard 
cross-flow method when trying to scale to submillimeter sizes. We propose a 
manufacturing method with micro-system technology which faces the issue in an 
original way. We analyze thoroughly the corona discharge and verify Peek's law in the 
micro-scale. With this, we have dimensioned the geometry for the proposed ionizer to 
localize the ion generation in order to implicitly focalize ions entry to the detection zone 
in a smaller size than the drift length. At the same time, we analyzed the system's 
flow to design ion transportation from its generation point to its detection point. 
By introducing orthogonal movements we have made numeric simulations to analyze 
viscosity effects and state experimental configuration to guarantee the laminar flux 
condition. We found a simplified design for the micro-system channel's construction 
that avoids expansions or contractions. In this way, turbulence and stopped-flow 
zones are minimized in an adequate flow range which allowed optimizing the device's 
functioning. We performed experiments on a prototype with said design that allowed 
us to verify our hypothesis on localized ion-generation. Variation of the average 
trajectory of the ion stream with the variation of drift velocity can be analyzed with 
a parabolic velocity profile. We show for case in which variations of drift velocity 
are 25% allow signal with negligible overlapping in 1mm on the detection zone. For 
lesser differences as the ones in other volatile compounds we would need to adjust the 
analyzed parameters in this work, which depends on the application of the device, but 
not on the architecture of design. We have proposed a bound for the size of the lobes of 
ions in terms of total drift length and its mobilities ratio that can ensure separability 
of analytes. Finally, we note that our design is substantively simplified compared to 
other complex solutions [51 110) , here we have only used tools given by micro-system 
design - obtaining a compact model with the advantages of no radioactive sources, 
performing ionic generation via a lkV electrical source. 
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